Large thermal hysteresis in the MnFe(P, Si, B) system hinders the heat exchange rate and thus limits the magnetocaloric applications at high frequencies. Substitution of Mn by V in Mn 1-x V x Fe 0.95 P 0.593 Si 0.33 B 0.077 and Mn 1-x V x Fe 0.95 P 0.563 Si 0.36 B 0.077 alloys was found to reduce the thermal hysteresis due to a decrease in the latent heat. Introducing V increases both the fieldinduced transition temperature shift and the magnetic moment per formula unit. Thus, a decease in the thermal hysteresis is obtained without losing the giant magnetocaloric effect. In consequence, an ultralow hysteresis (0.7 K) and a giant adiabatic temperature change of 2.3 K were achieved, which makes these alloys promising candidates for commercial magnetic refrigerator using permanent magnets.
Introduction
Room temperature magnetic refrigeration technology has attracted broad attention due to its advantages compared to the traditional cooling techniques, such as a high efficiency and a low impact on the environment. 1] Materials with a giant magnetocaloric effect (GMCE), which are the working refrigerant of this technique, will release heat when an external magnetic field is applied, while they absorb heat when the magnetic field is removed. The performance of GMCE materials mainly determine the working efficiency and the cooling power of this technology. The GMCE usually occurs in materials that show a first-order magnetic transition (FOMT), such as Gd 5 as one of the most promising materials that can be industrialized as magnetic refrigerant because of their cheap and non-toxic elements, high cooling capacity and tunable T C near room temperature. [7] Thermal hysteresis (ΔT hys ) is an important issue that limits the real application of the GMCE in these FOMT materials.
[ 1 1 F 12] The discontinuous nature of the transition is the feature that provides the GMCE. Therefore, in the premise of keeping the GMCE, the thermal hysteresis should be made as narrower as possible by manipulating the microstructure or by tuning the composition. Through 0.075 at.% of B substitution in the MnFeP 1-x-y Si x B y alloys, the optimized ΔT hys can be decreased to 1.6 K according to temperature-dependent magnetization curves at a magnetic field of 1 T and ΔT hys is 2.0 K according to in-field DSC measurements at a magnetic field of 1 T (see the supporting information of ref [9] ), while maintaining a GMCE. [9] In this case, the material can be cycled for 10 thousand times and the sample geometry remains intact. A higher level of B substitution can decrease the ΔT hys further, but 3 fail to provide a sufficiently large GMCE. to reach a field of 1.5 T may be 10 times higher than the costs to reach a field of 0.9 T. It is therefore of interest to explore the lower field potential of this GMCE system by studying 4 c / B. In this work, we investigated the effect of V substitution on the ΔT hys , dT c /dB, the lattice parameters and the magnetic properties in polycrystalline Mn-V-Fe-P-Si-B alloys.
Experimental
Polycrystalline Mn Halbach cylinder providing a magnetic field of 1.5 T. In this setup, the iso-field calorimetric scans were performed at a slow rate of 50 mKmin -1 in order to probe the equilibrium state, while the temperature has been corrected for the effect of the thermal resistance of the Peltier cells.
Results and discussions
In figure 1 the XRD patterns for series A (Fig. 1a and 1b) and series B (Fig. 1c and 1d Temperature dependence of the magnetization in series A and B are shown in figure 2 (a) and (b), respectively. The temperature dependence of -dM/dT is also shown in the corresponding insets. Generally, the maximum of -dM/dT is regarded an indication of the strength for The DSC patterns for series A and B are measured (not shown here), and the derived latent heat is listed in Table 1 . In the previous, Mn 1 Fe 0.95 P 0.593-x Si 0.33 B x alloys annealed at 1373 K in two-step heat treatment were studied [9] . Note that, it was found that the alloy corresponding to the composition with x = 0.00 in this work is already at the border of the FOMT to the second order magnetic transition (SOMT). Increasing the V substitution from 0.00 to 0.03 results in a strong reduction of the latent heat by 67% from 5.2 to 1.7 J/g for the alloys annealed at 1323 K and by 55% from 6.2 to 2.8 J/g for the alloys annealed at 1373 K (listed in table 1),
indicating that the samples transfer more towards the SOMT. As mentioned above, the reduction in latent heat mainly contribute to the increase in dT C /dB. A smaller latent heat will result in a smaller thermal hysteresis.
A large ΔT hys is usually accompanied with a strong FOMT in the materials families of alloys. Even though they have a giant MCE, the large ΔT hys limits their application in real devices since it will lower the heat exchanging efficiency dramatically. Materials optimized to be near the critical point between a first and second order transition are promising candidates for applications as they combine a low thermal hysteresis with a considerable GMCE [9] .
Here, we find that ΔT hys can be reduced further by substituting Mn by V in (Mn,Fe) 2 (P,Si,B)
alloys. ΔT hys-MT is determined by calculating the difference in the maximum value of -dM/dT during cooling and heating in an applied magnetic field of μ 0 H = 1 T. For series A, ΔT hys-MT decreases by 36% from 1.1 to 0.7 K when x increases from 0.00 to 0.03. [9] , but its value of ΔT hys-DSC is reduced by 85%. In addition, for the series B, the latent heat calculated from the calorimetry measurement (which is not shown here) is 5.1 ± 0.02 and 3.3 ± 0.02 J/g for x=0.00 and x= 0.02, respectively. It is clearly promising to achieve at the same time a giant value of ΔT ad and an extremely low ΔT hys-DSC , which can significantly improve the heat exchange efficiency of the magnetic cooling system. B substitution, the thermal hysteresis reaches a minimum, while ΔT ad remains 2 K.
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Introducing V as a new substitutional element is found to be capable of increasing both dT C /dB and μ f.u. and can further decease the hysteresis without losing the GMCE. Thus, the current Mn 1-x V x Fe(P,Si,B) compounds provide a feasible alternative for high-frequency near room temperature magnetic cooling applications. 
